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Executive Summary
The most preferred anthropogenic changes to the structure and fimction of forest ecosystems
of the Sierran national parks -- greater than both the effects of the preceding three millennia
of niimatic change, and of recant air pollution -- have been direct consequences of fire
exclusion. Given that the Secretary of Interior has ordered more aggressive application of
prescribed fire on Interior lands in the west, it is more important than ever that we understand
the ecosystem consequences o£fire and fire exclusion.

A pilot watershed study in Sequoia National Park revealed that reintroduction of fire had a
vastly more profound influence on soil and stream chemistry, at least over the short term, than
any changes in climate and air pollution over the preceding decade ofmeasuremants. In an
attempt to better underatand the effects of fire on Sierran watersheds, watershed research in
the Park expanded to include two first order watershed sites in the East Fork drainage of the
Kaweah River. The 21,000-ha E~t Fork watershed is slated to be burned, a block at a time,
over the next several years as part of the Mineral King Risk Reduction Project, a nationally-
significant effort to determine the cost-effectiveness and ecological consequence of applying
fire at a landscape scale (funded by the National Interagency Fire Con*or). Coinciding with
the start of the Mineral King Risk Reduction Project in 1995, the SEKI watershed program
began its trfforts to determine the effects of fire on stream chemistry, hydrolo$3,, and aquatic
macro-invertebrate ctmamunides. The watershed efforts in the East Fork drainage are tightly
coordinated with a much larger research and monitoring effort tied to the bum project
(Caprio 1996).

While many aspects of post-fire effects on Sequoia National Park watersheds are eurrantly
being studied (vegetation structure and function and stream chemistry), changes in erosion
rates and sediment transport remain an unstudied area of concern following fire (prescribed
or wildfire). This has not previously been undertaken because sediment studies are labor
intensive, expensive and problematic when compared to vegetation and stream chemistry
studies. Also. the high degree of natural variability in erosion and sediment transport require
that several watersheds be monitored to capture the range of that variability

Thus, the goal of the research proposed here may be stated as follows: We wish to build
upon our long-term research base to determine and understand the effects of
reintroducing fire on sediment transport and erosion in small Sierran watersheds This
proposal outlines an experimental approach to determining some of the effects of fire on
sediment transport and storage, and hillslope erosion in small I~ 100 ha) Sierran watersheds.
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Project Description

Proposed Scope of Work
The goal of the proposal project is to measure sediment transport and storage in streams and
hillslope erosion in low order watersheds before and after reintroduction of fire to forested
ecosystems on the western slope of the $~erra Nevada, In addition~ we will also determine
the relationship between turbidity and suspended sediment concentration in the study
watersheds to determine ifturbidiW is an appropriate surrogate for such measurements. This
relationship has been successfully established in some Pacific Northwest catchments providing
more continuous information on suspended sediment movement (Barber 1996. Lewis and
Ends 1996).

Six small (gl00 ha) catchments will be instrumented with data loggers and pressure
transducers ro monltur discharge over 3 years. Suspended sediment concentration values will
be determined for each stream using point samples collected wi~;h automated samplers
Depth-intesrated samples collected with a DH-48 hand-held sedh’~ent sampler will be used
to develop a cross-section coeffmient, which is necessary for extrapolating the point sample
value to the entire stream cross section (Edwards and Glysson 1988),

Three pools in each stream will be surveyed and sampl~xi to determine sediment storage and
movement over time. Pebble counts and excavated core samples will be used to determine
pardcle size distribution, and detailed cross-sectional pool surveys will be used to determine
changes in storage volume following fire. Erosion bridges will be used to evaluate hillslope
erosion over time.

Cont~lUOUS turbidly’ measurements will be made in three of the six watersheds to determine
if" a valid relationship exists between turbidity and suspended sediment concentration.
Tnrbidity measurements provide two potentially useful relationships with sediment. First.
studies have shown that sedimenffturbidity ~ cgressions aae more ~nsifive_ and therefore, more
representative of sediment transport than sediment/discharge relationships. Also. ira valid
sediment/turbidity relationship is established, continuous turbidity measures will capture
sediment pulses fi-om events such as stream bank and/or hillslope fa?dure that would otherwise
go unsampled (Lewis and Ends 1996).

Phase 1
Select silos, construct and install equipmem. :est monitormg equipment and data loggers, fine
tune programming, collect prelindna[y discharge and sediment data. work out site bugs, tram
technicians on dat~ logger programming, downloading and troubleshooting. This phase of
the project ,,,,-ill take approximately four months.

Task la. Reconnaissance and sire selection - Visit potential watershed sites in the Middle
Fork and East Fork included in the five year prescdbed fire ~lan fur suitability Potentia’sites
~vil[ be identified from the.prescribed fire map units, and then an nnsite visit will be made.
Criteria for site suitability will include accessahility, fire history, size (all s~tes will be ~ 100
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ha), feasibility (labor required to install flume and equipment housing), and presence or
absence of other research (the presence of’vegetation and/or water chemistry work will add
value to the results of the sediment project).

Task lb. Conduct preliminary discharge measurements. These measurements will be required
to determine the proper size Parshall flume to install. A tracer method will be used to
conduct three to five measurements (Kilpatrick and Cobb 1985).

Task lc. Construct monitoring station and install equipment. Construction and installation
will require six to eight people for approximately eight weeks (four weeks at each site). Site
setup involves building a platform for tile flume and stilling well, building the wing walls at
the flume approach, leveling the stream bed, and construot.ing housing for the automated
samplers a~xd dat~ loggers. In additio~ equipment housing will need to be constructed and
installed at the sites already ia place. The time required will vary depending on how
equipment is delivered to the site (options include packstock, helicopter and technicians).

Task ld. Install data loggers and transducers at each site. Data loggers will be programmed,
and sensors will be mounted and secured in the stream. Transducers will be housed in a
stilling well, The automated sampler tubing will be mounted at 6/10 of the stream depth in
the direct stream current and oriented downstream to prevent clogging.

Task le. Instatl and test automated samplers, begin testing turbidity probes, and compare
HD-48 suspended sediment measurements. Each site will require field testing to ensure that
the pumping instn~ctions ira the sampler ~u-e adequate to meet the head requirements between
the sample bottle ~nd the intake tube Collect preliminary automated point samples at each
site and compare with blD-48 integrated samples to establish a cross-section coefficient. This
task should include some storm sampling, Continual turbidity measurements will also be
collected and compared with the point nod integrated suspended sediment values. The
turbidity measurements will be compared and evaluated as the project continues as a means
o£collecting surrogate suspended sediment data.

Phase 2
Sampling and data collection is expected to take appro×imately two ye0a-s.

Task 2a. Begin sampling and data collection Develop sampling interval based on wet and
dry season Each station will be visited at least monthly to collect discharge and turbidity data
and to chcck site fbr problems. Sediment collection will be based on the prediction of storms
during the wet season. Sediment collection will also be collected during snowmelt. These
periods will require mare intensive sampling. Low flow ~amples wiIl be collected ~s
determined by the prelimina~ findings.

Task 2b. Select three pools in each stream to monitor changes in sediment storage and
deposition. Pools will be sampled lbr particle size using the pebble count method (Wolman
1954). Subsurface bed sediments will be co[lected using the modified excavated core sampler
(Chan 1999) Appro×imately 200 sediment cores will be collected during the course of the
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project (3 samples from each pool at sLx stations measured four times during the study). The
pools will also be surveyed to map changes in storage capacity. Pools will be surveyed in the
fall prior to the onset of the wet season, and in tim late spring/early summer following snow
melt ranoff

Task 2e. F,,stablish and monitor hill slope erosion plots, Prior to any burning, hill slope
erosion sites will be selected to monitor post-fire soil movement. Brown’s transects will be
used to determine litter and duffvolume at each site and erosion bridges will be installed
Erosion bridges will be marked by two pieces ofreebar at either end of the plot. Soil samples
will be collected and analyzed for particle size and sell cl~s. Sites will be selected based on
their potential for erosion and will be ranked as having high, medium or low potential for
erosion following fire Ranking will be based on slope and soils infbrmation derived from the
soil samples.

Task 2d. Emahtish and mnintain data sets. Verify data, develop regression relations between
sediment and discharge, and sediment and turbidity Review praliminary fiedings.

Analyze data, prepare final report and publications, and make recommendations for future
sediment work. This phase of the project is expected to take six months.

Task 3a. Analyze sediment cores., The cores will be sent to mother USGS lab for d~ing and
analysis Particle size distribution and percentage of total will be determined by sieving
samples.

Task 3b. Anal:rxe sediment data, develop regressions with turbidity and discharge.

Task 3c. Write final report and publications.

Project Management
The project will be managed by the Sequoia-Kings Canyon Field Station Leader: Quarterly
reports will be drafted by the Watershed Ecologist, and reviewed and finalized by the Station "
Leader. All analysis will be conducted on site, except for sediment cores, which will be
analyzed by a USGS Water Resources Division lab

Partial Futtding Strategy
The proposed work schedule is based on a three year project to monitor six watersheds. If
funding is limited, we would conduct the project with four sites that are presently monitored
for water quality as part nfthe long-term watershed monitoring program conducted by USGS
Biological Resources Division at the Sequoia-Kings Canyon Field Station. This would
eliminate much of the time and cost involved in Phase 1 (see above), and would also reduce
the mlmber ofstaffrequired to complete the project. Tasks 1 a and lb ~vould be eliminated.
Tasks lc ~nd I d wotdd be reduced to working at established sites.
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Watershed Locations
The proposed sediment project will be conducted in Sequoia National Park (southern Sierra
Nevada), located in Tulare Ct~unty. The East Fork Kaweah and Marble Fork Kaweah River
Basins will be the primary areas of study (Figure I). These watersheds are ultimately part of
the Sacramento-San Joaquin Watershed and are representative of moderate sized drainage
basins on the west side of the Sierra Nevada (Moyie and Randall 1996), These watersheds
are part ot’a long-term monitoring program that has focused on atmospheric deposition and
stream chemistry/discharge studies (Parsons and Graber 1985, Hoffmann and Stottlornyer
1991). They encompass a wide elevation range (520m to 3960m) and diverse vegetation
including chaparral, mixed-conifer and subaipine communities. Six first or second order
watersheds (<100 ha) will be selected in mixed-colfifer and chaparral areas. Site selection will
be representative of the topographic and physical diversity within these small catchments, and
the various stages of fire reintroduction, including areas that have been burned within the last
ten years and areas that are scheduled to burn within the next five years. Four of the
proposed sites are presently equipped with data loggers that record dischargo~ and are part
oi" a long-term watershed monitoring program. Two additional sites will be selected based
on aeeassibility and feasibility for equipment installation. All selected sites will be accessible
year round. Table I summaries the physical features and watershed research in the four
catchments that are presently monitored and this monitoring will continue under our original
funding. The present proposal to CALFED is for the purpose of adding a new component,
sediment transport, to our ongoing water q~ality studies.
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PROPOSED AREA OF STUDY
SEQUOIA NATIONAL PARK

Ca!ifomia Vidnity Map

Ash Mountain



Table 1. $itc descriptions, bascline dmla. proposed projcc and fimdmg so rces for ~’a ershed s tes in Sequoia lqP.



Table 1. (con.)

Site Stream Sedimem Soils £Soils Fire Eff~cls on Fire Effe~ on Fire Effe~ on

Thaw:s Cr nd n~ :83 - 87 ’83 - ’93 ’83 - presenUA nd nd

Log Cr. nd nd!B ~83 - ~87 83 - 793 ~83 - presenl~A nd nd

ol Trauger’s Cr "96 nd!B nd~C nd/C n~./C ndgC nd/C



Ecological / Biological Benefits

In the western United States, a century of fire exclusion has led to changes in the healtk, composition,
structure, and function of forest ecosystems and has increased wildfire threats to both humans and
natural resources (McKelvey ct aL 1996). Consequeafly, the Secretaries of both Interior and
Agriculture have promised Congress and the American people that their bureaus will take immediate
and aggressive steps to alleviate these problems by mora actively treating accumulated fi~els and
thickened stands. In western national parks, this means that prescribed fire will be applied more
aggressively at landscape scales.

The National Interagency Fire Center has launched a major effort to assess the operational
requirements, cost effectiveness, and ecological consequences of using large-scale prescribed burning as
a tool in wildland management. A flagship of this effog is a landscape-scale burn program -- the
Mineral King Risk Reduction Project in the watershed of the East Fork of the Kaweah River.
Sequoia and Kings Canyon National Parks. A contiguous area of about 21.000 ha will be prescribed
burned over a period of less than a decade, and represents a landscape scale burn program
unprecedented in the western national parks. The five year burn plan for Sequoia-Kings Canyon
includes additional area in the Marble Fork of the Kaweah River. Selected burned watersheds in these
two drainages will be part of a 10 site national network proposed for study of the biological impacts of
prescription burning under the USDA/USDI Joint Fire Science Program

Many aspects of post-fire effects on Sequoia National Park watersheds are currently being studied,
including changes in vegetation structure and fianction, and mortality and recruitment rates, as well as
stream chemistry and discharge rates. However, changes in erosion rates and sediment transpor~
remain an unstudied area of concern following fire (prescribed or wildfirel. This has no~ previously
been undertaken because sediment studies are labor intensive_ expensive and problematic when
compared to vegetation and stream chemistry studies. Also. the high degree of natural variability in
erosion and sediment transport require that several watersheds be monitored to capture the range of
that variability.

Excessive sediment delivery into streams was identified as one of the most critical water quality
p~oblems in Sierra Nevada streams (Manning et al. 1996). Such perturbations potentially may affect fish
invasions as well as the native fauna (Moyle and Light 1996). Causes include road construction.
logging, grazing and fire. Increases in sediment yield following fire can be one of the of the most
significant impacts of fire (Figure 2). Given that the Secretary of Interior has ordered more aggressive
application of prescribed fire on Interior lands in the west, it is more important than ever that we begin
to address the consequences of fire and fire exclusion on sediment delivery and hillslope erosion rates.
This is critical not only because of very limited infornmtion on sediment yields following fire in forested
watersheds (Swanson 1981) -- particularly steep Sierran w~tersheds -- but there is no prediction as to
the potential impacts of restoring fires to forests that have had nearly a century of fire exclusion. While
there are many agencies concerned with fire behavior and vegetation impacts resulting from burning
forests with 100 years of accumulated fuels, no one is addressing potential impacts on downstream
values, in particular sediment transport
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Figure 2. Schematic view of changes m
sediment yield during period of watershed

response m fire (from Swanson 198 l).         .~

TIME

Disturbance such as fire can result in dramatic increases in peak and total discharge. Pre- and post-fire
hydrologic measurements will allow us to quandf7 the magnitude of those changes in the study
catchments. Continuous discharge records before and after fire will identify any shifts in the magnitude
and duration of high flow, as well as reveal changes in base flow. 1.n addition~ discharge records are
essential for determining mass b~dances of solutes, necessary for determining the effects of air pollution
and climatic change on southern Sierran catchments Increases in erosion and sediment transport are
~mong the most dramatic and potentially deleterious water quality responses associated with fire
(Tiedemann et al. 1979)

Research Objectives

L How do topography andgeomorpho[ogy influence ~ediment transport and hillslope erosion in
sn~all catchments following fire?
Research following the Yellowstone fires of 1988 indicated that low order streams are more affected by
fire because small watersheds tend to experience fire over a larger percent of the catchment: However,
the magnitude and quality of those effects are also influenced by stream gradient, aspect, and riparian
area (Minshall and Brock 199 I, MinshaI1 and Robinson ] 992). The 1990 prescribed fire in Tharp’s
Creek Watershed (Sequoia National Park) examined the elTccts on solution chemistry oPa single fire on
a single small (<25 ha), low gradient watershed (Chorover et al. 1994, Williams and Melack 1997).
Expanding this research to include monitoring sediment transpo]~ in small catchments under the various
stages of fire reintroduction will allow us to characterize a range of sediment transport responses to
fire. We will compare post-fire responses in sediment transport in mixed-conifer catchments.

2. How do post-fire precipitation patterns affect hi#slope erosion and sediment rnm~ment in small
catchments?
The Sierra snowpack is characterized as "warm"; the ground does not freeze and snowmelt can occur
throughout the winter (Smith 1974). Sierran precipitation patterns (frequency, duration and timing)
and type (snow or rain) va~?¢ fi-om year to year. in the last twenty years Sequoia NP has experienced
two of the most severe El Nifio winters on record, a seven year drought, and several "Pineapple
Express" events, which resulted in rain on snow events and sub~tantial flooding. Precipitation pattern
and type greatly iofluence the outcome of post-fire h~llslope erosion and sediment movement through
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these small streams. Heavy rain following fire may result in severe hillslope erosion and sediment
delivery, whereas a winter snowpack will likely mitigate hillslope erosion by incrementally mobilizing
sediment throughout the snowmelt period. In March 1991, Tharp’s catchment, which was burned in
fall 1990, received over two inches of rain in 36 hours resulting in a substantial pulse of sediment
delivery to the stream. How does hillslope erosion vary following fire? Is one physical feature (slope,
aspect, soil, etc.) more dominated in post-fire erosion? Does fire behavior affect erosion? Is turbidity
an adequate surrogate for SSC values?

3. How does the liming of fire (law vs early season burning) affect sediment transport?
Are there burning regimes that could be used to reintroduce fire to these ecosystems that have less
impact on sediment transpori? Sediment plays an important role in stream function, by regulating the
sequence of riffles and pools in a stream chalmel and by acting as substrate for biota and chemical
exchange. (Goldman and Home 1983, Sidle 1988). When fire is restored after a century of exclusion,
sediment flux from uplands to stream are expected to be large. This flux is further enhanced by
increased peak and total discharges due to decreases in transpiration (through loss of vegetation)
(Minshall and Brock 1991, Robichaud and Waldrop 1994)~ Erosion and increased sediment transport
are some of the most dramatic and important water quality responses associated with fire (Tiedemann
et ah 1979) Are changes in sediment transport correlated with seasonal btlrning? How is sediment
storage in small forested catchments affected following fire?

Linkages
Sequoia National Park established a long-term watershed program in the early 1980’s to evaluate the
effects of disturbance (ah 15ollution, global climate change arid fire) on stream chemistry and discharge
(Parsons and Graber 1985, Herrnrann and Stottlemyer 1991). Presently, four streams are gauged in
two of the ms jar drainage basins in the park: the Middle Fork Kaweah and the East Fork Kaweah.
These catchments are included in areas that are scheduled to be burned in the next five years, or have
been burned previously.

This project will g~eatly benefit from long-term watershed monitoring and data collection efforts that
have been in place in Sequeia NP since the early 1980’s. Extensive records exists for precipitation
depth and chemistry, meteorology, stream chemistry, and discharge. Discharge measurements in the
four sires currently monitored will continue to be funded by project money appropriated ttu’ough means
other than CalFed CalFed funds will be used to purchase the necessary equipment for sediment work
and establish the two new sites. This project will concentrate on collecting data in four m’eas: sediment
transport, turbidity, hillslope erosion, and stream discharge. Precipitation records will be obtained from
the S6quoia field station,

Systemwide Ecosystem Benellts
The mission of the CALFED Bay-Delta Program is to develop a long-term ct~mprehensive plan that will
restore ecological health. One conclusion of the SNEP Report (SNEP 1996) was that

"Rivers and tbeir u,atershedx ~xtend b~vond tbe geologic ed.~es of the Sierra Nevada to their final
destination in ocean, vallay, or basin. Fish and other aquatlc llfe have evolved to occupy habitat
zones witMn certain elevations along the rivers, but they ,1o not have s’har~ or readily deJined
downstream or upstream boundaries."
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Sediment transport and deposition affect habitat quality and the landscape scale reintroduction of fire to
these ft~rested ecoystems, following tO0 years of fire exclusion, has the potential for altering these
ecosystem processes.

Compatibility with Non-Ecosystem Objectives
There are no conflicts with other CALFED objectives and there are potential benefits for
understanding issues of water quality and water supply reliability,

Benefits to third pa~Xies include increasing predictive power of agencies, such as the Army
Corp of Engineers, concerned with issues of reservoir holding capacity. Currently this is of
extreme importance lbr watersheds like the Kaweah, and in the future global change
environment, which incorporates landscape scale prescription burning, it will be of
importance to watersheds throughout the front range of the Sierra Nevada.

Technical Feasibility and Timing

Suspendedsedlment me¢]tod~ Methods to measure suspended sediment concentration include
automated samplers, which yield a point suspended sediment concemration value and depth-integrated
samplers (hand held type). Automated samplers enable the user to program the sampler to turn on and
off at a preset time, increaalng the potential tbr measuring for the duration of a storm event.
Disadvantages of the automated sampler include possible clogging at the intake and some loss in
accuracy. In addition, a cross-section coefficient is necessary to extrapolate point values to the entire
stream cross section. Due to the remoteness of the study sites, the benefits of automated samplers
outweigh the disadvantages for this project. These samplers will enable us to sample a wide range of
precipitation and runofFevents Accuracy can be improved by selecting an automated sampler that has
a high rating for sediment sampllng (Edwards and Glysson 1988) To obtain the best possible results,
some in-stream modificatitms may be necessacy, and will determined during Phase 1 of the project.

tlillslope erosion metho~£s. There arc several methods used to evaluate hillslope erosion: erosion pins,
erosion bridges and sediment troughs. Erosion bridges were selected [br this pro)ect because they are
economical and easy to maintain, and highly accurate.

Potentlalproblems. A series of drought years will result in a decrease in the magnitude of the annual
hydrograph flux. Low precipitation and a dampened hydrograph may reduce some of the vm-latlon we
expect to see in sediment movement and hillslope erosion in small catchments following fire.

Implementation. This project would add a component to on-going studies of water quality
and stream discharge that have been in place for over 15 years. All necessary complience
documents for on-going and proposed portions of this study are op to date.

Monitoring and Data Collection Methodology

Sediment Transport Sites will be equipped with automated samplers, programmed to collect
suspended sediment samples based on hydrograph changes. Four automated samplers will be shared
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between six sites Samples will include storm events, snowmelt runoff and base flow periods.
Sampling fiequency will be season dependent. Base flow periods will be sampled monthly. Storm
event sampling will vary based on the type of’precipitation. We will try to capture a minimum of’three
rain events at each site. Intensive sampling will occur during the snowmelt runoff period, and may
include sampling each site daily for a week or more. These point samples will be calibrated with a hand-
held sampler (DH-48). Pools will be surveyed to monitor chanBes in pool morphology and sedimertt
~torage capacity. Particle size will be determined using pebble counts and excavated core samples.

Turbidity Measurement~ Turbidity sensors will be installed at three sites. These meters will be
programmed to record at 15 ~ninute intervals to correspond with discharge measurements. This
experimental data will enable us to determine if turbidity measurements are a good surrogate for
suspend sedi~nents in small Sierran mixed-conifer catchments.

Hillslope Erosion. Erosion bridges will be used to evaluate hillslope erosion following fire. A aeries of
plots will be established, varying in slope, aspect and vegetation cover. The number of plots will
depend on the overall variability within the study catchment The erosion plots will be measured bi-
weekly once bare ground is exposed in the plot. This will continue until the plots have dried out for the
season, at which time monthly sampling will occur. This wilt vary_ by site and year. Fall sampling
frequency will depend on the type and pattern of" early season precipitation.

Hydrology. All of the study watersheds will equipped with data loggers and/or chart recorders that
record 15 minute discharge values. Presently, Stevens, Inc. type AZF records and OmniData loggers
are in use. Tharp’s and Log sites are fitted with Parshall flumes that provide direct stage-discharge
relationships, which were established by USGS/WRD stalZ Discharge rating curves were developed
for the East Fork streams using tracer methods (Kilpatrick and Cobb 1985). Two additional Parshall
flumes will be installed in the newly selected catchments, and Campbell data loggers and Druek
pressure transducers will be installed to monitor flow.

Monitoring erosion and sediment transport is labor-imensive and costly. To effeotively conduct this
type of projecL sites must be established and equipped with proper instrumentation, and adequate
personnel nmst be available to carry out field work. Because sediment flux is variable, it is difficult to
apply observations fiom one watershed to another. For this reason, we have chosen to establish six
sites

Data Evaluation
All field visits wiil be documented in "write in the rain" notebooks A photocopy of the notebooks will
be kept on file at the Sequoia-Kings Canyon Field Station Permanent data sets will be developed to
organize all aspects of data collection using MS Access97

All suspended sediment analysis will occur in the Southern Sierra Water Laboratory. Samples will be
filtered, weighed, dried and reweighed to determine the suspended sediment concentration (mg/L).
Relationships between sediment and discharge, and sediment and turbidity will be developed using
standard linear regression techniques. Seasonal relationships will be developed to evaluate overall
patterns of sediment transport. More detailed relationships will be developed using the rising and
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falling limbs of individual storm hydrographs. Sediment core samples will be sent to the Salinas field
station for partlele size analysis. Smnples will he dded, sieved and analyzed.

Hillslope erosion will be evaluated by calculating the volume of soll removed from a given length of
hillside (rn3/m) individual plots will be used to evaluate variations in soil movement within a given
slope range across all study sites, as well as overall soll movement fbr all slopes within a given
,catclmaent.

Discharge values will be calculated using the specific rating curve for each study stream. Total annual
runolt" fiom each study site will be determined using the total disoharge (Q), and oatohment area (A)
([Qm~/Am2]*1000mm). Total runoffwill be correlated with hillslope erosion to evaluate what kind of
relationships exist. The ratio of post-fire runoffto precipitation will also be determined and compared
with prellre ratios. Changes in total runofffollowing fire are expected.

Precipitation pattern and type will evaluated on an anoual basis and by storm to determine how overall
climate patterns versus specific storm patterns affect sediment transport and hillslope erosion. Data
collected from non-USGS ageacies (NPS and COE) will be requested at the end of each water year,
and stored on the program computer in the Southern Sierra Water Laboratory
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Table 2. Monitoring m~d Data Collection

Qucstlons to be Evaluated Mord~oring paramelers & Data Data Evaluat hm Approach Comments/
collection approach Data Priori~

How do topograph.~ and Automated samplers to collecl Regress ~uspended sediment on Sarapliag s~orm e~ts will
geomorphology influence sedi~nenl suspended sednflent, discharge and turbidit3 by event a high priolit3, to capture
transport alld higslope e~sion in Sut~-~- pools to measure changes in and season, sediment pulses.
smal! catchraents follox~ng fire? sediment s/omge E~’aluate sedimet~t storage

Pebble c~uats to deterr~ine patlicle sizecapacity and particle site in pool~
in pools. Determine ~91ume of sedrdlent
E~osion bridges to evahiaie hills|ope removed in the study catchments
erosion following fire

llow do post-fire precipitation iVteteorulog) stations, co-located near Determine if patterns exist
pattem~ affect hillshipe erosion and study sites, record hourl_x weather data.between post-fire precipitalion,

erosion following fire.

early season burning) a ffecl Iran~ects consumed.

erosion follower ng fire. cornfladons \xith erosion and
Sttr~ ~ pools to measure changes in sediment storage
sediment storage
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Progress Reports and Databases
Quarterly and A~nual progress reports "~ill be prepared and presented to USGS/BRD and
CalFed by FebPaary of each year,

� Additions to SEKI Field Station watershed database, which presently includes precipitation and
stream chemistry, precipitation depth, stream discharge, nnd climate records dating back to
1982.

$ Publications
The effects offirc o~t hillslope erosion in So~ther~ Sierran mi~ed-6.onifer catchments: At least
one peer-reviewed publication will compare fire effects on hillslopo erosion in mixed-conifer
catchments. A comparison of topography and soils in the study catchments will be evaluated
The affects of antecedent precipitation patterns will also be addressed. Likely journals include
Biogeochemtstry, (.’an. J For. Res,, Ecology, Wat. Resour. Res.

The~ffect~offireonsmallcatchmems(<lOOha). Atleast one peer-reviewed publication will
evaluate fire effects on small catchments, addressing the following questions: (IJ What are the
magnitudes of suspend transport and hydrologic responses in small catchments? (2) How is
post-fire recovery influenced by catchment size? (3) How do large-scahi prescribed fire effects
cumpare ~vith the well-documented wildfire effects observed in Yellowstone? Likely journals
include Biogeochemistry, C~m. J For. Res., Ecololo,, Tall Timbers. Euo. Appl

"the e.ffects of fire along cm elevatio~al grtrdient i~t the East Fork Kaweah drainage. At least
one paper will focus on differences in sediment transport and hillslope erosion following fire in
two catchments (Traugur’s and Deadwood) with different vegetation types (chaparral and
mixed-conifer). Likely journals include For. Ere. Mgmt, Can. JFor. Res. Ecology, Eco. Appl.

With outside collaborators, other publications regarding fire effects on soils, stream chemistry
and aquatic macroinvevtebrales are likely

Local Involvement

Our primary clients for this project will be CalFed, DOI and USFS managers and policy makers in the
Sierra Nevada, to whom we will supply specific information to guido management decisions and tools
to help estimate the consequences of different management ~cnons. Additionally, we will supply the
broader scientific community with informatiun relevant to understanding the effects of intaracting
stressors, both natural and anthropogenic, on ecosystems.

This project will be conducted in Sequoia Natiooal Park, The Sequoia-Kings Canyon Field Station has
a multi-decadal history of strong and suceessf’ul collaboration with the Park, A Memorandum of
Understanding (MOU) is present|y in place and pr~mises fi~ture collaboration Because of the
downstream impacts of sediment transport, additional collaboratiun is being sought with the U.S. Army
Corp of Engineers, the administrator of Lake Kaweah
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Cost

Capitol costs for this project include purchasing eqtfipment to constr~ct and operate the study sites
The project will be managed by the Sequoia-Kings Canyon Field Station Leader (8% per year). This
time will be spent managing the budget, reviewing and finalizing quarterly and annual reports for
CoiFed. and reviewing draft publications. The daily operations will be managed by a Sequoia-Kings
Canyon Field Station Ecologist, who presently oversees the Watershed Program. Periodic consulting
with a Hydrologist and Statistician will be necessary. The majority of the field and lab work will be
conducted by Biological Technicians tha’~ will be hired through USGS and/or Sequoia National Park.
The project will require at least one year round technician (term position). Additional seasonal help will
be necessary to meet the needs of sample multiple stations. The sediment cores will be shipped to
another USGS lab for analysis. An additional cost to the project is the Western Ecological Research
Center (WERC) charge (16%). WERC is the parent office of the Sequoia-Kings Canyon Field Station.
At least one vehicle will been required to meet the demands of year round sampling. Two vehicles may
be necessary during periods of intense sampling.

Table 3 summaries the budget expenses by task The service contract section has been omitted as this
project will not be using additional contracts to complete the work. Quarterly expenses are
summarized in table 4

Cost-Sharing

Much of the overhead typically attributed to a project will be covered by the Sequoia-Kings Canyon
Field Station and Sequt)ia National Park. which provide office space, computers and support, phones.
furelmre, etc. Other potential cost sharing includes vehicles and personnel The SEKI watershed
program has a committed vehicle that would be available to this project on a cost share basis. Field
stafl’from the watershed program may be available to assist with sediment field work. This would
benefit both projects because intensive sampling times would be covered and technicians could assist
with other SEKI research projects during slow times. By guaranteeing fifll time employment (by
working on several projects) we are more likely to attract talented technicians
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Table 3. Budget breakdown by lask for project beginning Oct. 1999 and ending Sept 2002. Salaries reflect cost-of-living increases.

Task Direct Labor Direct Material & Acquisition Costs Misc. & Other Direct O~erhead & Total Cost
Hours Salary Costs Indirect Costs

& Benefils

Project Mgmt GS-14s’I0 500 $26,6000 $2,000 - Travel $4,576 - B,~RC $33,176
(16%)

q~ask la GS455 240 $ 2,786 $200 - field equipment (maps, $ 450 - H)drologisl Travel ; 858 - WERC $ 6,224
GS-09 40 $ 838 coInpass~ etc) $180- Vehicle (16%)

Total 310 Tot $4,536

-- q’ask lb GS-05 320 $ 3~715 $180 - Vehicle $ 757 - WERC $ 5,491

I o6%o
Total 360 Tot $ 4,553

"~ Task lc GSqJ5 1280 $14,861 $6,400 - Parsh~ll Flumes (2) $ 450 - ttsdrolog~st Travel $4,410 - WERC $31,969
~o GS (It) 12(I $ 2,514 $ 300 - Consl Malcfials $ 720 - Vehicle (16%)

�.n ~ $1.215 $ 600 - Sampler housin~ (6) $ 500 - Material Transport

~ ’Fask ld GS-05 320 $3,715 $7,800 - Data loggers (6) $180 - Vehicle $2,725 - WERC $19,759
GS-09 40 ~ $2,800 - Polycorder (2) (16%)
Total 360 Tot $4,553 $1,200 - Transducers (4)

$ 500 -Misc

Ta.~k le GS-05 320 $ 3,715 $1 t),000 - A~llomaled Sampler $180 - Vehicle $3,141 - WERC $22,775
GS-0~9 40 ~ (4) (16%)
Total 360 Tot $4,553 $ 3,000 - Turbidi~’ Sensor (3)

$ 900 - DH-48 sampler (3)
$1,00{) -Misc (tubing etc.)
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Table 3 Continued
Task Dircct Labor Direct Salad" Material & Acquisition Misc~ & Other Direct Overhea~ & Total Cost

Hours & Benefits Costs Costs Indirect Costs

Total Funds $3911,752
Requested . ..
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Table 4. Quarterly budget expends

Task Quarterly Q~arterly Quarterly Quarterly Quarterly Quarterly Quarterly Ql~arterly
Budget Budget Budget Budget Budget Budget Budget Budget

Oct-Dec 99 Jan-Mar It0 Apr-Jun 00 JuI-Scp 00 Oct-Dec 00 Jan-Mar Ol Apr-Jun 01 JuI-Sep 01

P~ject $ 2,600 $ 2,600 $ 2.600 $ 2.600 $ 2,680 $ 7,680 $ 2,680 $ 3,180
Mgmt

Task la $ 6.224

Task lb $ 7,675 ; 2~816

T~R ld $19.759

Task le $16,333 i 6,442

Task 2a $12,208 $12,208 $12.208 $12,859 $12,508 $[2~508 ;12,50g $13,110

Task 2¢ $ 4.678 $ 4,678 $ 4,678 54,754 $4,754 $4,754

Task 2d $ 2.916 $ 2,916 $ 2,916 $ 2:917 $ 2.977 $ 2.977 $ 2.977 $ 2,977

Task 3a $ 2,417 $ 2,417 $ 2,440 $ 2,440

Task 3b $ 5,828 $ 5,838

Ta~k 3c
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Table 4. Continued

Task Quarterly Quarterly Quarterly Quarlerly "fatal Cos~
Budget Budget Budget Budget

Project $ 2,760 $ 2.760 $ 2.760 $ ~,276 $ 33,176

Task lc $ 31.969

I Task ld $ 19,759

TOTAL $~90,752
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Applicant Qualifications

The project will be administered by the Sequoia and Kings Canyon Field Station Leader~ Jon Keeley. He will
oversee the budget, and review and finalize reports and publications. Claudette Moore, will coordinate field work
and data tmalysis, Biological technicians will be hired through USGS or NPS to complete field and lab work.
These positions may be shared with ongoing BRD watershed research projects to provide adequate coverage to
both projects during periods of intensive sampling. In additional, we will consult with USGS and UC Santa
Barbara hydrologists during Phase I (site selection and setup) and Phase III (final data analysis).

Jon E. Kecley

Education: Ph.D. (Botany) University of Georgia~ Athens, 1977
M.S, (Biology) San Diego State University, 1973
B.S. (Biology) San Diego State University, 1971

Positions:    USGS Biological Resources Division, Station Leader, 1998-
National Science Foundatkm, Program Director 1997 1998
Occidental College,         Professor 1988 1998

Department Chair 1982 1988,
Assist/Assoc Professor 1977-1988,

University of Cape Town, Visiting Professor 1990

Awards: Guggenheim Fellow, 1985 1986
Sterling Award for Outstanding Teaching, 1985
Fellow, Southern California Academy of Sciences, 1994
Honorary_ Lifetime Member, California Botanical Soeiety, 1998

Recent Research Grants:
National Science Foundation, Ecology Program. Community Biodiversity and Wildfires,

1994-1995 ($30.000)
U.S. National Park Service, Pogtfire Suecession and Emergency Rehabilitation Studies,

1994-1995 ($45,000; with Dr. Tony Orme, UCLA)
Metropolitan Water District, Comparative Studies of Ecological Impacts of Wildfires

on Vegetation l{ecovery, 1995-99 ($119,000)
Metropolitan Transit Authority, Impact of Groundwater Drainage, 1997 ($40,000)
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Recent Research Publications:

Keeley,J.E. and C,C. Swill. 1994. Biodiversity and ecosystem function in
mediterranean-climate California, pp. 121-183. In G. Davis and D,M, Pdchardson (eds),
Biodiversi~y arM Funetion in Mediterranean-type eco.~ystems. Springer-Verlag., N.Y.

Keeley,J.E., M. Carrington, and S. Trnka. I995. Overview of management issues raised by the
1993 wildfires in 1993 wildfires in southern California, pp. 83-89. In J.E. Keeley and T.
Scott (eds), Bi~st~res i~z (’aliforttia: Ecolo,~ ottd Resource Management.
International Assoc. Wildland Fire, Fairfield, Washington.

Keeley,J.E. 1996. Postfire vegetation recovery in the Santa Mortice Mountains under two
alternative managemeat programs, Bulletin of the Southern Cali.fi~r~tia Academy of
Sciences 95:103-119.

Keeley,J.E. and C.J. Fotheringham 1997 Trace gas emissions in smoke-induced germination.
Science 276:1248-1250.

Keeley,J.E. 1998 Postfire ect~system reeovet~j and managetnent: The October 1993 large fire
episode in California, pp. 69-90. In J.M. Moreno (ed), Large Forest Fires. Backhuys
Publishers, Leiden, The Netherlands

Claudette L. Moore

Education:
M.S. Watershed Management, University of Washington, Seattle, WA 1993
B.S Environmental Biology, Humboldt State University, Arcata, CA 1985

Experience:
1998-presentEcologist, Watershed Research Program, USOS/BRD
1996-1998 Lead Biotogicai Technician, Watershed Research Program, USGS/BRD
1993-1996 Lead BioIogical Technician, Fire Effects Monitoring, National Park

Service
1992-1993    High School Science Teacher, Big Water, UT
1990-1992 Research Assistant, Environmental Engineering Dept,, U. of Washington,

Seattle, WA
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U.S. Department of the Interior

Certifications Regarding Debarment, Suspension and
Other Responsibility Matters, Drug-Free Workplace

Requirement~ and Lobbying

PART A: CertJfic~tiott Regarding Debarment, Suspen~iolt, =nd Other Responslbi|tty Matters -
Primary Covered Transactions
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PROPOSED AREA OF STUDY
SEQUOIA NATIONAL PARK

Ash Mountain

Figure !i Map of p~po~d stud~,, ~rea in Sequoia National Park. Copied frolu USGS map of Sequoia and Kings Cauyon National
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